Article abstract-The development of neuroimaging has allowed clinicians to improve clinicoanatomic correlations in patients with stroke. Anatomic structures are well delineated on MRI, but there is a lack of standardization in their arterial supply. As in our previous study depicting the arterial supply of the brainstem and cerebellum, we present a system of 12 axial sections of the hemispheres depicting the dominant arterial territories, the most important anatomic structures, and Brodmann's areas. The area of variation of the cortical territory of the anterior, middle, and posterior cerebral arteries is also represented. These sections may be used as a practical tool to determine arterial territories on CT or MRI, and may help establish consistent clinicoanatomic correlations in patients with supratentorial stroke. NEUROLOGY 1998;50: 1699-1708 Knowledge of arterial territories is needed to achieve accurate localization of ischemic lesions on CT and MRI. Since Methods. We developed 12 serial sections (8 mm thick) based on a bicommissural plane passing through the center of the anterior and posterior commissures (sections I to XII). These sections are modified views from previous work by Duvernoy.l* The anatomic structures, presented in the table (with coloring system, adjacent to each figure) , and Brodmann's areas15 appear on the right side of the sections. The left side of the sections shows the territories of the cerebral arteries (see coloring system).
in part on CT ~e r i e s ,~,~ or focus on the perforating arterygJn or the cortical arteryl1J2 territories. The advent and future development of neuroimaging should permit accurate clinicoanatomic correlations. This development necessitates a precise and standardized tool such as that reported in the first p a r t of our study, which presented the arterial supply of the brainstem and c e r e b e 1 l~m . l~ The current report is designed to depict supratentorial arterial territories in a form directly applicable to CT or MRI slices.
Methods. We developed 12 serial sections (8 mm thick) based on a bicommissural plane passing through the center of the anterior and posterior commissures (sections I to XII). These sections are modified views from previous work by Duvernoy.l* The anatomic structures, presented in the table (with coloring system, adjacent to each figure), and Brodmann's areas15 appear on the right side of the sections. The left side of the sections shows the territories of the cerebral arteries (see coloring system).
The arterial territories were drawn based on an extensive overview of anatomic studies of cerebral vascularization. This overview included either vascular injection studies or microanatomic studies of the cerebral arteries. Clinical and radiologic studies were excluded, except for the vascularization of the thalamus. For the thalamic territories, we have chosen to show another possibility concerning their delineation that derived from the most recent radioclinical studies. l6 In each section where the thalamus appeared (see sections IV to VI), the variation of its vascularization is drawn as a partial schematic drawing settled in the left top.
A simplified classification of the segments of the main arteries was used. The internal carotid artery (ICA) was divided into four segments17: C1, the cervical portion; C2, the petrous portion; C3, the cavernous portion; and C4, the supraclinoid portion. The anterior cerebral artery (ACA) was divided into two main segments? the proximal segment, between the ICA and the anterior communicating artery; and the pericallosal segment, distal to the anterior communicating artery. The middle cerebral artery (MCA) was divided into four ~egmentsl~: M1, the sphenoidal segment; M2, the insular segment; M3, the opercular segment; and M4, the cortical segment. The posterior cerebral artery (PCA) was divided into three segmentszn: P1, up to the posterior communicating artery (PCoA); P2, between the PCoA and the posterior aspect of the midbrain; and P3, from the pulvinar to the anterior limit of the calcarine fissure.
Arterial cerebral circulation was divided into two systems: (1) the leptomeningeal (also known as superficial or pial) arteries, consisting of the terminal branches of the anterior, middle, and posterior arteries forming an anastomotic network on the surface of the hemispheres and yielding branches that penetrate the cortex and subjacent white matter, the deepest ones form the medullary (or superficial perforating) arteries; and (2) the perforating (or deep perforating) arteries, arising from the arterial circle of Willis or from its immediate branches, perforating the brain parenchyma as direct penetrators, and supplying the diencephalon and the basal ganglia.
For each type of perforating artery, we present only the main points of interest, such as patterns of origin and vascular supply. For the leptomeningeal arteries, because of the numerous variations in the branching patterns, we preferred not to detail the arterial territory of each cortical branch of the ACA, MCA, and PCA. Using the results of the study by Van der Zwan et a1.21 on cortical boundaries, we chose to detail the variability of the cortical territories of the three main cerebral arteries. In accordance with Duvernoy et al.,22 we considered that subcortical association bundles (U fibers) are supplied by branches of the surrounding cortical arterioles. We depicted an insular zone that receives a complex arterial supply. Finally, in the absence of specific anatomic studies on the arterial supply of the centrum ovale, we preferred not to delineate its vascularization on the sections.
Perforating branches of the cerebral arteries. ZCA perforating branches. The ICA gives rise, from the C4 portion, to arteries distributed to the hypophysis, adjacent hypothalamus, and optic ~h i a~m .~~,~~-~~ Arising from the C4 portion, near the origin of the anterior choroidal artery or at the ICA bifurcation, some perforating branches pass through the anterior perforated substance to enter the brain.17,26-32 These branches supply the genu of the internal capsule, the adjacent part of the globus pallidus, and the contiguous posterior limb of the internal ~a p s u l e .~~+~~
The AChA usually arises from the supraclinoid portion (C4) of the ICA17,28,30,33,34 but can arise from another artery, the MCA35,36 or more rarely the P C O A .~~-~~ The superficial territory includes a part of the U~C U S ,~~ the head of the hipp o c a m p~s ,~~,~~ the amygdaloid n u~l e u s , 4~~~~ and the lateral part of the lateral geniculate body.23,30, 41 The perforating territory includes the lower part of the posterior twothirds and the retrolenticular part of the internal capsu1e,2,27,35,41,43 the adjacent optic radiations and acoustic rad i a t i o n~,~~,~~~~~ the medial globus p a l l i d~s ,~,~~,~~ and the tail of the caudate
The perforating branches of the ACoA are now described as c o n~t a n t .~~s~~-~~ These branches originate directly from the ACoA or from the junctional site of the ACoA and the ACA. The ACoA gives rise to perforating branches that are divided into three groups: the hypothalamic arteries, the subcallosal artery, and the median callosal artery. The former two branches are never found arising together from the A C O A .~~,~~ The vascular territory of this artery includes the lamina terminalis, anterior hypothalamus, septum pellucidum, a part of the anterior commissure and of the fornix, the paraterminal gyrus including the septa1 nuclei32,47,51 and occasionally the subcallosal region, the anterior part of the corpus callosum, and the cingulate ACA perforating branches. The ACA perforating branches are divided into two groups. The ACA direct perforators usually arise from the proximal A1 ~e g m e n t , 2~'~~ and the recurrent artery of Heubner arises from the proximal A2 ~e g m e n t .~~-~~ These arteries supply the anterior and inferior part of the head of the caudate nucleus, the anterior and inferior portion of the anterior limb of the internal capsule,2,32*42,57 the adjacent part of the putamen and globus p a l l i d~s ,~~,~~ the caudal rectus gyrus, the subcallosal g y r~s , 4~,~~ and a medial part of the anterior commissure.
The perforating branches of the MCA usually originate from the M1 ~e g m e n t .~~,~~,~~ Many classifications that are based on the distribution of the lenticulostriate arteries according to the anteroposte-
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MCA perforating branches.
rior, lateral, or both in or three groups have been proposed for the perforating branches of the MCA.2gp60 Nevertheless, the lenticulostriate arteries are usually classified in two groups: the medial and the lateral arteries.61,62 However, this disposition is inconstant and a common stem could be present. These perforating branches supply the superior part of the head and the body of the caudate nucleus, the lateral segment of the globus pallidus, the putamen, the dorsal half of the internal capsule, and the lateral half of the anterior c o m m i~s u r e .~~,~~-~~ The PCoA arises from the mid portion of the C4 segment of the ICA and passes posteromedially to join the PCA. Seven to 10 branches arise from the PCoA. The largest branch is termed the premamillary artery (anterior thalamoperforating artery or tuberothalamic artery).17~6~,6~ The PCoA perforators vascularize the posterior portion of the optic chiasm and optic and the posterior part of the hypothalamus and mamillary The thalamic territory of the PCoA includes the nucleus anterior, and the polar part of the nucleus ventralis anterior and of the nucleus reticularis. 44, 61, 66 ~haZamoperforating brunches. The thalamoperforating (or paramedian thalamic) arteries are a part of the interpeduncular arteries. The latter, which penetrate the posterior perforating substance, can be divided into three groups: the inferior, middle, and superior rami.67-69 Whereas the inferior rami originate from the basilar bifurcation or the P1 segment of the PCA, the middle and superior rami arise as single or common trunks from the P1. The inferior and middle rami supply the brainstem (pons and brain).68 Only the superior rami corresponding to the thalamoperforating arteries contribute to the vascularization of the thalamus. They supply the medial nuclei, the intralaminar nuclei, a part of the dorsomedial nucleus, the posteromedial portion of the lateral nuclei, and the ventromedial p~l v i n a r .~~,~~,~~ Thalamogeniculate branches. The thalamogeniculate arteries (inferolateral thalamic arteries) usually arise as individual vessels from the distal P2 segment of the PCA.20,28,71J'2 These vessels are known to be part of the arterial anastomotic network of the geniculate b o d i e~.~~,~~ They supply the major part of the lateral side of the caudal thalamus including the rostrolateral part of the pulvinar, the posterior part of the lateral nuclei and lateral dorsal nucleus, and the ventral posterior and ventral lateral
The posterior choroid group usually includes one or two medial and one to six lateral P C~A S .~O ,~~
The medial PChA usually arises from the distal P1 or proximal P2 segments of the PCA.20a30z72 The lateral PChA arises directly from the PCA (distal P2 or proximal P3 segments) or from a branch of the PCA.20,30,31, 72 The medial PChA supplies the medial geniculate body, and the posterior part of the medial nucleus and the pulvinar. The lateral PChA vascularizes part of the lateral geniculate body, part of the dorsomedial nucleus, and part of the p~l v i n a r .~~,~,~~,~~ PCoA perforating branches.
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Leptomeningeal branches of the ACA. The distal segment of the ACA, the pericallosal artery, gives rise to the cortical and the callosal branches. The callosal branches supply the rostrum, genu, and body of the corpus callosum. These branches are joined posteriorly by the splenial branches of the PCA. In the most frequent disposition, the cortical area of supply of the ACA is the medial surface of the hemisphere extending to the superior frontal sulcus and the parieto-occipital sulcus. On the orbitofrontal surface, the arterial territory includes the medial orbital gyri. At the most, the cortical ACA territory reaches the inferior frontal sulcus, and at the least, it includes only the anterior part of the frontal lobe. The MCA begins its division into cortical arteries at the base of the Sylvian fissure, extends over the surface of the hemisphere, and forms the M4 segment. The most frequent area of supply of the MCA extends, on the lateral surface of the hemisphere, to the superior frontal sulcus, the intraparietal sulcus, and the inferior temporal gyrus. On the orbitofrontal surface, the arterial territory includes the lateral orbital gyri. The maximum area covers the whole lateral surface of the hemisphere, reaching the interhemispheric fissure. The minimum territory is confined between the inferior frontal and the superior temporal sulci.
As the PCA approaches the dorsal surface of the midbrain, it gives rise to cortical branches. These branches include the hippocampal arteries and the splenial artery that anastomose with the distal part of the pericallosal artery to supply the splenium of the corpus callosum. The most frequent cortical distribution of the PCA includes the inferomedial surfaces of the temporal and the occipital lobe extended to the parietooccipital fissure. At the most, the cortical supply can extend as far as the superior temporal sulcus and the upper part of the precentral sulcus, and at the least, the supply can extend only as far as the medial face of the occipital lobe limited by the parieto-occipital fissure.
Leptomeningeal branches of the MCA.
Leptomeningeal branches of the PCA.
Discussion. The bicommissural plane is now accepted as the reference for neuroimaging and clinicoanatomic studies. This plane should allow a standardization and a reproducibility in such studies. The bicommissural plane used in this study passes through the center of the anterior and posterior commissures. It differs slightly from that of Talairach and T o~r n o u x~s ,~~ which is drawn through the superior edge of the anterior commissure and the inferior edge of the posterior commissure. The center-to-center bicommissural line is easier to find on MRI sagittal views than the line of Talairach and T o~r n o u x .~~ On CT, the external reference of the bicommissural plane used in our study is the suborbitomeatal line, which passes at the lower margin of the orbital opening and through in the center of the external acoustic meatus. 69 We chose the classic description of the cerebral arteries divided into perforating and leptomeningeal arteries. Nevertheless, perforating branches could arise from leptomeningeal arteries, and the origin of some leptomeningeal branches could be the large perforating a r t e r i e~.~~ Thus, an occlusion of a cortical artery may lead t o both superficial and deep infarcts. We delineate a cortical territory, including both the cortex and the U fibers. The latter are supplied by cortical branches; in this case, the terminal twigs of the longest cortical arterioles and the first collaterals 1706 NEUROLOGY 50 June 1998 of the long medullary arterioles.22 The arterial supply of the external capsule/claustrum/extreme capsule area, which we have called the insular zone, is more complex than first described by S h e l l~h e a r .~~ According to Moody et al., 78 this area has a triple blood supply: a double cortical supply (like the U fibers) and the lateral rami of the lateral striate arteries. The vascularization of the centrum ovale is still debated.78,79 It includes transcortical arterioles that have exclusive territory as well as terminal ramifications of some perforating branches. The lack of specific anatomic studies on the origin of blood supply of the centrum ovale lead us not to consider its vascularization on the cartographies of this study.
The arterial supply of some anatomic structures of the brain are not yet well defined. The arterial supply of the hippocampus is not yet clearly defined.40r80 Although the medial and lateral territories of the MCA perforating branches have been depi~ted,~,'~ anatomic studies do not support the hypothesis of this identification. Thus, the contribution of the AChA to the arterial supply of the lateral thalamus is still debated.44,81 Other controversies persist over the thalamic blood supply, especially concerning the PChA.44,s1-83 However, we proposed a variation of the thalamic mapping based on clinicoradiologic studies. 16 Furthermore, some clinical studies have also highlighted important controversies, such as the vascularization of the centrum ovale by the AChA. 84 The arterial territories presented in our sections are a model of dominant vascularization and cannot account for individual variations. The arrangement of the arterial circle of Willis or its immediate branches is variable. For example, the PCoA/PCA system could stay of fetal type, with the PCoA remaining the source of the PCA.61 Another frequent variation is the agenesia of the precommunicant segment of the ACA, with an ACA arising from the contralateral ICA.60 Concerning the perforating branches, variations are not uncommon. If the PCoA is hypoplastic, its perforators have a reduced arterial territory and the thalamoperforating arteries have a more extended territory. 66 The perforating branches of the ICA could supply the uncus in absence of a strong uncal branch from the AChA.31 Particular origins of the perforating branches have been described, especially for the thalamoperforating a r t e r i e~.~~,~~ This variation may explain some bilateral thalamic infarcts. The variability of the cerebral arterial territories is significantly greater than generally a s~u m e d .~~,~~ Because the specific variation of the vascular tree and collateral network is unknown for a given individual, we used the results of Van der Zwan et a1.21 to designate the minimal and maximal cortical supply areas of the ACA, MCA, and PCA on each section. The variability of these areas is of extreme importance in determining border zone infarcts. Recent studies that take this variability into account have demonstrated that determining stroke mechanisms based only on neuroimaging patterns (i.e., anatomoetiologic correlations) should be avoided.a6,s7
The advent of neuroimaging has allowed clinicians to perform accurate clinicotopographic correlations.
However, most of these recent studies are based on various anatomic findings or are based on an adaptation of anatomic descriptions on CT or MRI with no reference lane.^^,*^ This lack of standardization in both arterial territory location and the planes used to identify them, mar the accuracy of such reports. Our vascular mapping has been established for dominant arterial territories, taking into account the variability of cortical supply, evaluated on a standard plane, and based on anatomic studies. This is the first step toward the standardization of clinical studies. However, complementary anatomic studies are still needed to determine the vascularization of the hemispheres.
